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Abstract

The effect of a poly herbal drug Majun Baladur (MB) was studied on the transgenic
Drosophila melanogaster expressing human alpha synuclein in the neurons (PD
flies). The equivalents of recommended dose for human were established for 20 g
of fly food i.e. 0.0014, 0.0028, 0.0042 and 0.0056 g per 20 g of diet. The PD
flies were allowed to feed on it for 24 days before performing the assays. The
exposure to MB increased the life span and improves the activity of PD flies. The
PD flies exposed to 0.0014, 0.0028, 0.042 and 0.0056 g of MB showed a dose
dependent significant delay of 1.47, 1.88, 2.52 and 3.05 folds in the climbing
ability compared to unexposed PD flies. A dose dependent significant decrease of
1.38, 1.45, 1.48 and 1.65 folds in TBARS; 1.08, 1.11, 1.17 and 1.20 folds in the
GST activity; 1.20, 1.28, 1.39 and 1.52 folds in the PC content; 1.43, 1.53, 1.65
and 1.79 folds in the Caspase-9 activity; 1.21, 1.31, 1.53 and 1.64 folds in the
activity of Caspase-3 and 1.24, 1.42, 1.50 and 1.79 folds in the activity of
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catalase; 1.50, 1.63, 1.88 and 2.06 folds in the activity of SOD in PD flies exposed to
0.0014, 0.0028, 0.042 and 0.0056 g of MB, respectively. A significant dose
dependent increase of 1.20, 1.29, 1.33 and 1.44 folds in as NPSH content was
observed in PD flies exposed to 0.0014, 0.0028, 0.042 and 0.0056 g of MB,
respectively. The exposure to MB protects the loss of dopaminergic neurons as is
evident by immunohistochemistry. It is concluded that MB is potent in reducing

the PD symptoms being mimicked in the transgenic flies.

Keyword: Neuroscience

1. Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disorder.
Recent reports suggest that PD affects about 1% of the population [1]. The selective
loss of dopaminergic neurons in the substantia nigra pars compacta is considered to
be one of the pathological hallmark of PD [2]. The loss of dopaminergic neurons in
brain leads to the deficiency of dopamine and results in behavioral abnormality [3].
The abnormal protein aggregation (a-synuclein) and oxidative stress is considered to
be the main cause for the damage of dopaminergic neurons [4]. The over-expression
of either wild or mutant type of o synuclein leads to the formation of Lewy bodies
[3]. The formation of Lewy bodies not only results in the death of dopaminergic neu-
rons but also increase the oxidative stress in the brain (as the degenerating neurons
will also produce reactive oxygen species) [5, 6]. Due to the involvement of ethical
issues it has become difficult to study the effects of naturally occurring or synthetic
compounds on PD patients. The screening process has been enhanced by the devel-
opment of different models primarily based on a-synuclein (aS) either transgenic,
mutant or wild forms in mice, flies and C. elegans [7]. By using the yeast-based
UAS (Upstream Activation Sequence)-Gal-4 systems for the activation of gene
expression in Drosophila the transgenic Drosophila models have been developed
for studying various human diseases, including the neurodegenerative disorders
[8]. The transgenic Drosophila expressing either wild type or familial PD linked mu-
tants (A5S3T and A30P) of human o-synuclein is widely accepted and is currently
being used to study the various aspects associated with the disease [9]. These flies
replicate several features of human PD such as locomotor dysfunction, Lewy
body formation and age dependent loss of dopaminergic neurons [3]. As there is
no permanent cure for the disease and the efficacy of the synthetic drugs also decline
after some period of the treatment [10], the current research is now directed towards
finding naturally occurring antioxidants of plant origin [11]. In this context, the un-
ani system of traditional medicine is widely accepted in Indian sub continent and is
practiced in India [12]. Majun Baladur (MB) is a polyherbal formulation, prescribed

to patients having neurodegenerative ailments, under unani system of traditional
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medicine. Till date, no one has attempted to study the effect of MB on PD patients or
in any in vitro/in vivo models expressing PD/PD like symptoms. Hence, we decided
to study the effect of MB on the transgenic Drosophila model of PD. The traditional
medicines have been proved therapeutically/prophylactically fruitful against mani-
fold diseases [13]. In the present study the effect of MB was studied on the transgenic
Drosophila model of PD.

2. Material and methods
2.1. Preparation of MB and establishment of doses

The doses of MB were established as per the method described by Jansen et al. [14].
The equivalents of recommended dose for human were established per 20g of fly
food, and we studied the effect of 0.0014, 0.0028, 0.042 and 0.0056g per 20 g of
diet. The PD flies were allowed to feed on it for 24 days. MB was prepared by using
the useful parts of the medicinal plants as listed in Table 1, according to the National
Formulary of Unani Medicine Part-I, Convention of Research in Unani medicine,
Ministry of health and Family Welfare (Department of AYUSH), Government of In-
dia. After preparation, the MB was tested for the presence of Heavy metals (Lead,
Mercury, Arsenic, Cadmium), Aflatoxins (Aflatoxin B1, Aflatoxin G1, Aflatoxin
B2, Aflatoxin G2) and Pesticides (Alachlor, Aldarin & Dieldrin, Azinophos-
methyl, = Bromopropylate, = Chlordane,  Chlorfenvinphos, = Chlorpyrifos,
Chlorpyrifos-methyl, Cypermethrin, DDT, Deltamethrin, Diazinon, Dichlorvos, Di-
athiocarbamates, Endosulfan, Endrin, Ethion, Fenitrothion, Fenvalerate, Fonofos,
Heptachlor, Hexachlorobenzene, Hexachlorocyclohexene isomer, Lindane, Mala-
thion, Methidathion, Parathion, Parathion Methyl, Permethrin, Phosalone, Piperonyl
butaoxide, Primiphos Methyl, Pyrethrins, Quintozen). Test for Bacterial/Yeast and
moulds were also performed. The test for specific pathogens such as E. coli, Salmo-

nella, S. aureus, P. aeruginosa were also carried out.

2.2. GC-MS analysis

The extract of MB was prepared in acetone as per the method described in our earlier
published work [15]. The extract was subjected to GC-MS analysis and content were
analysed using Mass meter GC/MS acquisition B.07.06.270418-18-July-2017, Agi-

lent Technologies, Inc.

2.3. Evaluation of antioxidant properties of MB
2.3.1. Superoxide anion scavenging assay

The inhibition of Nitroblue tetrazolium (NBT) reduction by phenazin methosulphate

(PMS) generated O, ~ was used to determine the superoxide anion scavenging
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Table 1. Medicinal plant ingredients of Majun Baladur (a Unani polyherbal drug?).

Unani names Botanical names/Zoological name Family name Part used Weight (g)
Kunjad Sesamum indicum Pedaliaceae Seed 30
Maghz-e-Tukhm-e-Baladur Semicarpus anacardium Anacardiaceae Kernel 30
Maghz-e-Badam Prunus amygdalus Rosaceae Kernel 30
Maghz-e-Chilghoza Pinus gerardina Pinaceae Kernel 30
Asgand Withania somnifera Solanaceae Root 30
Agarqarha Anacyclus pyrethrum Compositae Root 30
Khulajan Alpinia galango Zingiberaceae Root 30
Bisbasa Myristica fragrans Myristicaceae Aril 30
Jauzbuwa Myristica fragrans Myristicaceae Nutmeg 20
Zanjabeel Zingiber officinale Zingiberaceae Rhizome 20
Salab Misri Orchis latifolia Orchidaceae Tuberous Root 20
Filfil Daraz Piper longum Piperaceae Seed 15
Mastagi Pistacia lentiscus Anacardiaceae Resin 15
Tukhm-e-Halyun Asparagus officinalis Liliaceae Seed 15
Tukhm-e-Gazar Daucus carota Umbelliferae Seed 10
Tukhm-e-Anjara Ficus carica Moraceae Seed 10
Tukhm-e-Konch Macuna prurita Leguminosae Seed 10
Zafran Crocus sativus Iridaceae Style and stigma 10
Samundar Sokh Salvia plebeia Lamiaceae Seed 5
Qand Safaid (Granular sugar) A product made 375

from sugarcane
Asal (Honey) Apis mellifera 1000

#Ref. National Formulary of Unani medicine, Part-I, page 122-23, Central council for Research in Unani Medicine, Govt. of INDIA,
Ministry of health and Family Welfare (Department of AYUSH), New Delhi.

activity of the MB [16]. The reaction mixture consist of 75 pl of each concentration of
MB, 750 wl of Tris HC1 (100 mM; pH 7.4); 187 ul of NBT (300 uM), 187 pl of
NADH (936 uM). The reaction was initiated by adding phenazin methosulphate
(PMS) (120 uM). The reaction mixture was incubated at 25 °C for 5 min and the
OD was read at 560 nm and the degree of scavenging was calculated by the following

equation:

OD control — OD sample
OD control

Scavenging(%) = x 100

2.3.2. Diphenyl-picrylhydrazyl (DPPH) free radical scavenging

For estimating free radical scavenging potential of the MB, DPPH method as
described by Wongsawatkul et al [17] was used in the present study. When DPPH

(a stable purple color) react with an antioxidant, it is reduced to yield a light yellow
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coloured diphenyl picrylhydrazine. Color change was spectrophotometrically
measured. The reaction mixture consists of 500ul of each concentration of MB
and 250 pl of DPPH (0.3 mM). The reaction mixture was shaken vigorously and al-
lowed to stand at room temperature in the dark for 25 min. The OD was read at 518

nm and the radical scavenging activity was calculated by the following equation:

% Radical scavenging = (1 — Absorbance of sample/Absorbance of control) x 100

2.4. Drosophila stocks

Transgenic fly lines that express wild-type human synuclein (h-o.S) under UAS con-
trol in neurons “[w[*]; P{w[+mC] = UAS—Hsap/SNCA.F}” 5B and GAL4 “w[*];
P{w[+mC] = GAL4- elavL}’3] were obtained from Bloomington Drosophila Stock
Centre (Indiana University, Bloomington, IN). When the males of UAS (Upstream
Activation Sequence)-Hsap/SNCA.F strains are crossed with the females of GAL4-
elav. L (vice-versa), the progeny will express human aS in the neurons [3].

2.5. Drosophila culture and crosses

The flies were cultured on standard Drosophila food containing agar, corn meal,
sugar and yeast at 25 °C (24 £ 1) [18] . Crosses were set up as described in our
earlier published work [19]. The PD flies were allowed to feed separately on different
doses of MB mixed in the diet for 24 days. The PD flies were also exposed separately
to 10> M of L-dopamine. The UASHsap/SNC.F act as a control. The control flies

were allowed separately to feed on the selected doses of MB.

2.6. Drosophila activity pattern analysis

From the 12th day the activity of flies (males) in all treated groups were analyzed by
using Drosophila Activity Monitor (TriTek, USA). The activity was recorded every
hour for a total of 311 h and the data was analyzed by Actogram J software. The re-

sults were presented as chi-square periodogram [20, 21].

2.7. Drosophila climbing assay

The climbing assay was performed as described by Pendleton et al. [22]. Ten flies
were placed in an empty glass vial (10.5 cm X 2.5 cm). A horizontal line was drawn
8 cm above the bottom of the vial. After the flies had acclimated for 10 min at room
temperature, both controls and treated groups were assayed at random, to a total of
10 trials for each. The mean values were calculated and then averaged and a group

mean and standard error were obtained.
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2.8. Drosophila life span determination

Newly enclosed flies ( non-PD control and PD flies) were placed in the culture tubes
(10 flies per tube) containing desired concentration of the MB. The flies were trans-
ferred to a new diet at every 3rd day containing desired concentration of the MB till
the last one died [23].

2.9. Preparation of homogenate for biochemical assays

Fly heads from each group were isolated (50 heads/group; five replicates/group) and

the homogenate was prepared in 0.1 M phosphate buffer for the biochemical assays.

2.10. Estimation of thiobarbituric acid reactive species (TBARS)

TBARS were measured according to the method described by Ohkawa et al [24].
The reaction mixture consisted of 5ul of 10 mM butyl-hydroxy toluene (BHT),
200l of 0.67% thiobarbituric acid, 600ul of 1% O-phosphoric acid, 105ul of
distilled water and 90 pl of supernatant. The resultant mixture was incubated at
90 °C for 45 min and the OD was measured at 535 nm. The results were expressed

as p moles of TBARS formed/h/gram tissue.

2.11. Estimation of glutathione-S-transferase (GST) activity

The glutathione-S-transferase activity was determined by the method of Habig et al
[25]. The reaction mixture consist of 500ul of 0.1 M phosphate buffer, 150 ul of 10
mM CDNB, 200 pl of 10 mM reduced glutathione and 50 pl of supernatant. The OD
was taken at 340 nm and the enzyme activity was expressed as i moles of CDNB
conjugates/min/mg protein.

2.12. Estimation of non-protein thiol (NPSH) content

The Non-protein thiol (NPSH) content was estimated colorimetrically using Ell-
man’s reagent (DTNB) according to the procedure described by Jollow et al. [26].
The supernatant was precipitated with 4% sulphosalicyclic acid in the ratio of 1:1.
The samples were kept at 4 °C for 1 hr and then subjected to centrifugation at
5000 rpm for 10 min at 4 °C. The assay mixture consisted of 550 pl of 0.1M phos-
phate buffer, 100 pl of supernatant and 100 pl of DTNB. The OD was read at 412 nm
and the results were expressed as pL moles of NPSH/gram tissue.

2.13. Estimation of protein carbonyl content (PCC)

The PC content was estimated according to the protocol described by Hawkins et al

[27]. The head homogenate was diluted to a protein concentration of approx 1 mg/
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ml. About 250 pl of each diluted homogenate was taken in eppendorf centrifuge
tubes separately. To it 250 pl of 10 mM 2,4-dinitrophenyl hydrazine (dissolved in
2.5M HCI) was added, vortexed and kept in dark for 20 min. About 125 pl of
50% (w/v) trichloroacetic acid (TCA) was added, mixed thoroughly and incubated
at —20 °C for 15 min. The tubes were then centrifuged at 4 °C for 10 min at
9000 rpm. The supernatant was discarded and the pellet obtained was washed twice
by ice cold ethanol: ethyl acetate (1:1). Finally, the pellets were re-dissolved in 1 ml
of 6M guanidine hydrochloride and the absorbance was read at 370 nm.

2.14. Assay for caspase-9 (Dronc) and caspase-3 (Drice) activities

The assay was performed according to the manufacturer protocol with some modifica-
tion (Bio-Vision, CA, USA). The assay was based on spectrophotometric detection of
the chromophore p-nitroanilide (pNA) obtained after specific action of caspase-3 and
caspase-9 on tetrapeptide substrates, DEVD-pNA and LEHD-pNA, respectively. The
assay mixture consisted of 50 pl of cell suspension and 50 ul of chilled cell lysis buffer
incubated on ice for 10 min. After incubation, 50 pl of 2X reaction buffer (containing
10mM DTT) with 200 pM substrate (DEVD-pNA for Drice, and IETD-pNA for Dronc)
was added and incubated at 37 °C for 1.5 hr. The reaction was quantified at 405 nm.

2.15. Determination of catalase (CAT) activity

The activity of catalase was determined by kinetic method described by Beers and
Sizer [28] where rate of dismutation of H,O, to water and molecular oxygen is pro-
portional to the concentration of catalase in the sample. The reaction mixture con-
tained 650 pL of 0.1M phosphate buffer, 333 pL. of HO, (0.05M) and 17 pL of
sample. A decrease in OD was measured for 2 minutes, every 30 seconds at 240
nm. Thereafter the activity of catalase was calculated and expressed as i moles of

H,0, consumed/min/mg of protein.

2.16. Determination of superoxide dismutase activity (SOD)
activity

The method described by Marklund and Marklund [29] was used for the estimation
of SOD activity. Reaction mixture was made adding 17 pL of sample to 950 pL of
0.1 M phosphate buffer. Finally, the reaction was initiated by adding pyrogallol. An
increase in OD was noted at 420 nm for 3 min after every 30 seconds. The results

were expressed as units/mg protein.

2.17. Immunohistochemistry

The fly heads were isolated and the paraffin sections were prepared according to the

procedure described by Palladino et al [30]. The sections were deparaffinized and

https://doi.org/10.1016/j.heliyon.2019.e01483
2405-8440/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2019.e01483
http://creativecommons.org/licenses/by-nc-nd/4.0/

8

| Heliyon
Article No~e01483

rehydrated. The slides were blocked in 8% Bovine Serum Albumin (BSA) for 2.5
hrs. Then the slides were washed with phosphate buffer saline (pH 7.2) containing
2% BSA for 5 minutes. After washing the slides were incubated with primary anti-
body (anti-tyrosine hydroxylase, Merck) in a humidified chamber for 12 hrs at 4 °C.
The slides were then washed with PBS containing 2% BSA for 5 min and incubated
with secondary antibody (Goat anti-Rabbit alkaline phosphatase, Santacruz,
Biotechnology, USA) at room temperature for 2 hrs. The final wash was given by
PBS containing 2% BSA for 5 min. BCIP-NBT was used as a chromogenic substrate
which interacts with secondary antibody to produce blue coloured product. The
slides were then mounted in DPX and observed under the microscope. The activity
of dopaminergic neurons was quantified in terms of TH-positive cells using Image-J

software.

2.18. Statistical analysis

The data was subjected to statistical analysis through one way analysis of variance
(ANOVA) posthocTukey test by SPSS 16 taking significant at 5% level of probabil-

ity. The survival analysis was done by Kalpan-Meier analysis.

3. Results

Table 2 shows the details of the tests performed on MB. No heavy metals, aflatoxins
and pesticides were reported in the prepared MB. All the tests were performed at
Delhi Drug Test House (An ISO recognized test house). MB was also found to be
negative for any microbial and other specific pathogens (Table 2). The results ob-
tained by GC-MS analysis are shown in Fig. 1S and Table 3. Fig. 1S represent
the chromatogram for the polyherbal drug. Fig. 2S describes the properties of the
major compounds present in the extract. The results showed the presence of terpe-
noids and other organic compounds of biological significance. The result obtained
for DPPH scavenging assay are shown in Table 4. A dose dependent significant in-
crease in the free radical scavenging potential was observed compared to ascorbic
acid and the IC50 was found to be 550 pg/ml (Table 4). Table 5 shows the potential
of scavenging superoxide anion of MB. A dose dependent significant increase in the
potential of scavenging superoxide anion was observed compared to ascorbic acid
with an IC50 value of 538.64 ng/ml (Table 5). To establish the duration of treatment
the climbing assay was performed every 3™ day after the emergence of PD as well as
control flies (Fig. 1). From the 9™ day onwards a significant loss of climbing ability
was observed between the PD and control flies (Fig. 1; p < 0.05). Based on the re-
sults obtained the duration of exposure was set for 24 days and the PD flies were
exposed to the selected doses of MB for 24 days. The PD flies exposed to 0.0014,
0.0028, 0.042 and 0.0056 g of MB showed a dose dependent significant delay of
1.47, 1.88, 2.52 and 3.05 folds in the climbing ability, compared to unexposed
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S.No.

1.1
1.2
1.3
1.4

2.1
22
2.3
2.4

3.1
32

33
3.4
35

3.6

3.7
3.8

39

3.10

3.11

3.12

3.13
3.14

3.15

3.16

3.17

3.18
3.19
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Table 2. Polyherbal drug Majun Baladur tested for the presence of following parameters.

Test parameters

Test for heavy metals
Lead as Pb (mg/kg)
Mercury as Hg (mg/kg)
Arsenic as As (mg/kg)
Cadmium as Cd (mg/kg)
Test for aflatoxins
Aflatoxin B; (mg/kg)
Aflatoxin G; (mg/kg)
Aflatoxin B, (mg/kg)
Aflatoxin G, (mg/kg)
Pesticides residue
Alachlor (mg/kg)

Aldrin & dieldrin (Sum of)
(mg/kg)

Azinophos-methyl (mg/kg)
Bromopropylate (mg/kg)

Chlordane (Sun of cis,
trans and oxychlordane)
(mg/kg)

Chlorfenvinphos
(mg/kg)

Chlorpyrifos (mg/kg)

Chlorpyrifos-methyl
(mg/kg)

Cypermethrin (and isomers)
(mg/kg)

DDT (Sum of p,p-DDT,p,
p-DDE and p,p-TDE)
(mg/kg)

Deltamethrin (mg/kg)
Diazinon (mg/kg)
Dichlorvos (mg/kg)

Diathiocarbamates
(as CS»)

Endosulfan (Sum of
isomer & endosulfan
sulphate) (mg/kg)

Endrin (mg/kg)
Ethion (mg/kg)
Fenitrothion (mg/kg)
Fenvalerate (mg/kg)

https://doi.org/10.1016/j.heliyon.2019.e01483
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Test results

Not detected
Not detected
Not detected

Not detected

Not detected
Not detected
Not detected

Not detected

Not detected

Not detected

Not detected
Not detected

Not detected

Not detected

Not detected

Not detected

Not detected

Not detected

Not detected
Not detected
Not detected
Not detected

Not detected

Not detected
Not detected
Not detected

Not detected

Limit of
quantification

2.50

0.5
1.25
0.25

0.001
0.001
0.001
0.001

0.02
0.04

0.04
0.08
0.04

0.04

0.04
0.04

0.10

0.04

0.10
0.04
0.04
0.01

0.04

0.04
0.04
0.04
0.10

Permissible limits

as per API

Not more than 10
Not more than 1
Not more than 3

Not more than 0.3

Not more than 0.5
Not more than 0.5
Not more than 0.1

Not more than 0.1

0.02
0.05

1.0
3.0
0.05

0.5

0.2
0.1

1.0

1.0

0.5
0.5
1.0
2.0

3.0

0.05
2.0
0.5
1.5

Article No~e01483

Method

AAS
AAS
AAS
AAS

LCMSMS
LCMSMS
LCMSMS
LCMSMS

GCMSMS
GCMSMS

GCMSMS
GCMSMS
GCMSMS

GCMSMS

GCMSMS
GCMSMS

GCMSMS

GCMSMS

GCMSMS
GCMSMS
GCMSMS

UV-VIS
Spectrophotometry

GCMSMS

GCMSMS
GCMSMS
GCMSMS
GCMSMS

(continued on next page)
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Table 2. (Continued)

S.No.

3.20
3.21

3.22
3.23

3.24

3.25
3.26
3.27
3.28
3.29
3.30
3.31
3.32
3.33

3.34

10

Test parameters Test results  Limit of Permissible limits Method
quantification  as per API

Fonofos (mg/kg) Not detected 0.04 0.05 GCMSMS

Heptachlor (Sum of heptachlor ~ Not detected 0.04 0.05 GCMSMS

& heptachlor epoxide) (mg/kg)

Hexachlorobenzene (mg/kg) Not detected 0.04 0.1 GCMSMS

Hexachlorocyclohexene isomer  Not detected 0.04 0.3 GCMSMS

(other than y) (mg/kg)

Lindane (y- Not detected 0.04 0.6 GCMSMS

Hexachlorocyclohexene)

(mg/kg)

Malathion (mg/kg) Not detected 0.04 1.0 GCMSMS

Methidathion (mg/kg) Not detected 0.04 0.2 GCMSMS

Parathion (mg/kg) Not detected 0.04 0.5 GCMSMS

Parathion methyl (mg/kg) Not detected 0.04 0.2 GCMSMS

Permethrin (mg/kg) Not detected 0.04 1.0 GCMSMS

Phosalone (mg/kg) Not detected 0.04 0.1 LCMSMS

Piperonyl butoxide (mg/kg) Not detected 0.04 3.0 LCMSMS

Primiphos methyl (mg/kg) Not detected 0.04 40 LCMSMS

Pyrethrins (Sum of isomer) Not detected 0.10 3.0 GCMSMS

(mg/kg)

Quintozen (sum Not detected 0.10 1.0 LCMSMS

of Quintozene,

pentachloroaniline and

methyl pentachlorophenyl

sulphide) (mg/kg)

Test for microbiology

Total bacterial count 60 —  Not more than 1 x 107> cfu/gm  —

(cfu/gm)

Total yeast & mould <10 —  Not more than 1 x 107> cfu/gm  —

(cfu/gm)

Any specific pathogens

E. coli/gm Absent - Absent  —

Salmonellalgm Absent - Absent —

S. aureus/gm Absent - Absent  —

P. aeruginosa/gm Absent — Absent  —
PD flies (Fig. 2; p < 0.05). The PD flies exposed to 10> M of dopamine showed a
significant delay of 3.76 fold in the loss of climbing ability compared to unexposed
PD flies (Fig. 2; p < 0.05). The activity of the control flies, treated PD flies and PD
flies were recorded for 311 hrs and expressed as chi-square periodogram Figs. 3, 4, 5,
6,7,8,9,10, 11, 12 and 13(a&b). The PD flies shows a decline the average activity
[Fig. 4(a&b)] compared to control flies [Fig. 3(a &b)]. The PD flies exposed to
different doses of MB showed a dose dependent improvement/delay in the loss of
average activity [Figs. 5, 6, 7 and 8(a&b)]. The flies exposed to 10~ M of dopamine

https://doi.org/10.1016/j.heliyon.2019.e01483
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Table 3. Integration peak list of polyherbal drug Baladur.

Peak Start RT End Height Area Area % Area sum percent Compound name Nature

1. 13.32 13.39 13.49 20773.22 86304.18 10.37 1.53 Benzene, (1-methylethyl)- Organic compound

2. 27.94 28.01 28.21 9530.58 79366.46 9.54 1.41 Tetraacetyl-d-xylonic nitrile Organic compound

3. 29.58 30.18 30.41 49220.54 832012.17 100 14.77 (+)-Dibenzoy-L-tartaric acid anhydride Organic compound

4. 30.6 30.67 30.82 16331.9 85652.31 10.29 1.52 Azulene Terpenoids

5. 31.36 31.43 31.56 13149.75 72115.77 8.67 1.28 1,7 Octanediol, 3,7, dimethyl- Polyurethanes

6. 34.02 34.11 34.55 26535.16 243506.69 29.27 4.32 6-Acetyl-beta-D-mannose Organic compound

7. 38.03 38.15 38.28 15136.78 91282.15 10.97 1.62 1,3-benzodioxole, 5-(1-propenyl)- Organic compound

8. 39.01 39.11 39.39 10239.04 86312.46 10.37 1.53 2-Myristynoyl pantetheine Acetyl group

9. 45.49 45.58 45.7 55224 272163.26 32.71 4.83 Tetradecane Alkane hydrocarbon

10. 45.77 45.86 46 13855.35 71722.57 8.62 1.27 Benzene 1,2-dimethoxy-4-(1-propenyl)- Organic compound

11. 51.61 51.72 51.87 46256.47 235720.53 28.33 4.19 Tetradecane 2,6,10-trimethyl- Organic compound

12. 52.8 529 53.16 73094.84 426918.64 51.31 7.58 1,3-Benzodioxole 4-methoxy-6-(2- Anticholinergic
propenyl)-

13. 54.99 55.09 55.24 122177.97 616988.88 74.16 10.95 Benzene, 1,2,3 trimethoxy-5-(2-propenyl)- Organic compound

14. 57.04 57.16 57.31 17054.04 113804.03 13.68 2.02 Paromomycin Antimicrobial

15. 57.43 57.55 57.82 122894.86 681940.65 81.96 12.11 Hexadecane Organic compound

16. 60.07 60.13 60.35 9669.5 56179.96 6.75 1 Tetraacetyl-d-xylonic nitrile Organic compound

17. 60.38 60.43 60.56 9674.07 51536.76 6.19 0.92 2-Myristnoyl pantetheine Organic compound

18. 62.95 63.05 63.18 25511.09 124225.82 14.93 2.21 2-Myristnoyl pantetheine Organic compound

(continued on next page)
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Table 3. (Continued)

Peak Start RT End Height Area Area % Area sum percent Compound name Nature

19. 65.75 65.82 66.09 12503.87 96017.79 11.54 1.7 N,N'-Bis (Carbobenzyloxy)-lysine Organic compound
methyl(ester)

20. 67.32 67.4 67.5 75343.35 299693.36 36.02 532 Octadecane Alkane hydrocarbon

21. 69.73 69.81 69.93 13907.63 61356.88 7.37 1.09 1,2-Benzenedicarboxylic acid butyl octyl Phthalic anhydride
ester

22. 72.6 72.75 72.94 63484.21 351634.69 42.26 6.24 1,2-Benzenedicarboxylic acid butyl octyl Phthalic anhydride
ester

23. 73.75 73.82 73.93 27072.57 105978.37 12.74 1.88 octadecane 3-ethyl-5-(2-ethylbutyl)- Organic compound

24. 77.3 77.37 77.62 21879.87 133442.48 16.04 2.37 octadecanal 2 bromo Stearyl aldehyde

25. 83.29 83.36 83.44 10983.07 50289.01 6.04 0.89 1H-2,8a Methanocyclopenta[a] cyclopropa Terpenoids
[e]cyclodecen-11-one

26. 85.46 85.55 86.17 17143.09 192703.75 23.16 3.42 1H-2,8a Methanocyclopenta[a] cyclopropa Terpenoids

[e]cyclodecen-11-one

uofk1[(ayg
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Table 4. DPPH scavenging activity at various concentrations of polyherbal drug

Baladur.

Concentration (pg/ml)

DPPH inhibition (%)

Majun Baladur Ascorbic acid
100 10.25 + 0.82* 62.43 £+ 1.3*
200 16.73 + 0.75* 71.22 + 1.9%
300 25.63 £+ 1.20* 76.23 £+ 0.96*
400 36.41 £ 0.94* 81.39 £ 0.84*
500 45.69 + 0.56* 87.22 £+ 0.92*
IC50 (pg/ml) 550 £+ 1.079 130.78 £+ 0.51

Values are mean £+ S.E.M of triplicate determination.

*P < 0.05 compared to control.

Table S. Superoxide anion scavenging activity at various concentrations of

polyherbal drug Baladur.

Concentration (pg/ml)

Superoxide anion scavenging activity (%)

Majoon Baladur Ascorbic acid
100 16.24 £+ 1.2* 51.23 £ 0.92*
200 21.24 £+ 1.9* 62.42 £ 0.52*
300 30.21 £ 0.92% 66.93 £+ 0.42*
400 39.42 £ 0.67* 72.13 + 0.93*
500 47.23 + 0.52% 80.43 £ 0.81*
IC50 (png/ml) 538.65 £+ 1.51 54.39 + 0.55

Values are mean £+ S.E.M of triplicate determination.

*P < 0.05 compared to control.

10 +

(mean + SE)
()]

=4=—"PD Flies
== Control

Average number of flies escaped after
10 seconds

12 15 18 21 24 27
Age (Days)

Fig. 1. Climbing ability in Parkinson’s disease (PD) flies and control for a period of 24 days. The values

are mean of five assays.
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Fig. 2. Effect of Majun Baladur (MB) on the climbing ability activity of flies. [MB1 = 0.0014 g; MB2 =
0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopamine = 1073 M; N = 50]. The flies
were allowed to feed on the diet supplemented with Majun Baladur for 24 days and then assayed for
climbing ability activity. [The doses were established per 20g of diet; *significant difference with respect
to control, p < 0.05; bsigniﬁcant difference with respect to PD flies p < 0.05].

300

200

100

Average activity
Qp

Time () 31 1 Period () atd

(@) (b)

Fig. 3. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for con-
trol flies (N = 20).
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Fig. 4. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for PD
flies (N = 20).

also showed a delay in the loss of activity pattern [Fig. 9(a&b)]. The control flies
exposed to selected doses of MB did not show any change in the average activity
pattern [Figs. 10, 11, 12 and 13(a&b)]. The results obtained for survival assay is
shown in Fig. 14. A significant dose dependent increase in the Km values of the
PD flies was observed upon the exposure to various doses of MB compared to un-
exposed PD flies (Fig. 14; p < 0.05). The PD flies exposed to 10~> M of dopamine

14 https://doi.org/10.1016/j.heliyon.2019.e01483
2405-8440/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2019.e01483
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e01483

60

200

S
100

o

Average activity

o &

o 5 S
P

Time (h) 3 Period (h) n

(@) (b)

Fig. 5. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for PD
flies exposed to polyherbal drug Baladur (0.0014 g). [The doses were established per 20 g of diet].
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Fig. 6. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for PD
flies exposed to polyherbal drug Baladur (0.0028 g). [The doses were established per 20 g of diet].
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Fig. 7. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for PD
flies exposed to polyherbal drug Baladur (0.0042 g). [The doses were established per 20 g of diet].

300

200

100

Average activity
~ N @ @
o S 5 3 5
Qp
o

Time (h) n Period (h) n

(a) (b)

Fig. 8. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for PD
flies exposed to polyherbal drug Baladur (0.0056 g). [The doses were established per 20 g of diet].

also showed a significant increase in Km values compared to unexposed PD flies
(Fig. 14; p < 0.05). The PD flies showed a significant increase of 1.79 folds in
TBARS compared to control flies (Fig. 15; p < 0.05). The PD flies exposed to
0.0014, 0.0028, 0.042 and 0.0056g of MB showed a dose dependent significant
decrease of 1.38, 1.45, 1.48 and 1.65 folds in TBARS compared to unexposed PD

15 https://doi.org/10.1016/j.heliyon.2019.e01483
2405-8440/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2019.e01483
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e01483

300

60

200

Average activity
=
s

N

S
=
3

Time () n 1 Period (h) n

(a) (b)

Fig. 9. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for PD
flies exposed to dopamine (107> M).
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Fig. 10. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for con-
trol flies exposed to polyherbal drug Baladur (0.0014 g).[The doses were established per 20 g of diet].
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Fig. 11. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for con-
trol flies exposed to polyherbal drug Baladur (0.0028 g).[The doses were established per 20 g of diet].
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Fig. 12. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for con-
trol flies exposed to polyherbal drug Baladur (0.0042 g).[The doses were established per 20 g of diet].

flies (Fig. 15; p < 0.05). The PD flies exposed to 10~ M of dopamine showed a
significant decrease of 1.48 fold in the TBARS compared to unexposed PD flies
(Fig. 15; p < 0.05). The PD flies showed a significant increase of 2.90 folds in
the GST activity compared to control flies (Fig. 16; p < 0.05). The PD flies exposed
to 0.0014, 0.0028, 0.042 and 0.0056g of MB showed a dose dependent significant
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Fig. 13. (a) and (b) shows the average activity pattern and chi-square periodogram, respectively for con-

trol flies exposed to polyherbal drug Baladur (0.0056 g).[The doses were established per 20 g of diet].

decrease of 1.08, 1.11, 1.17 and 1.20 folds in the GST activity compared to unex-
posed PD flies (Fig. 16; p < 0.05). The PD flies exposed to 10> M of dopamine
showed a significant decrease of 1.86 fold in the GST activity compared to unex-
posed PD flies (Fig. 16; p < 0.05). The results obtained of NPSH content showed
a significant decrease of 1.88 folds in the PD flies compared to control flies
(Fig. 17; p < 0.05). The PD flies exposed to 0.0014, 0.0028, 0.042 and 0.0056g
of MB showed a significant dose dependent increase of 1.20, 1.29, 1.33 and 1.44
folds in the NPSH content compared to unexposed PD flies (Fig. 17; p < 0.05).
The PD flies exposed to 107> M of dopamine showed a significant increase of
1.48 fold in the NPSH content compared to unexposed PD flies (Fig. 17; p <
0.05). The PD flies showed a significant increase of 4.57 folds in the PC content
compared to control flies (Fig. 18; p < 0.05). The PD flies exposed to 0.0014,
0.0028, 0.042 and 0.0056g of MB showed a dose dependent significant decrease
of 1.20, 1.28, 1.39 and 1.52 folds in the PC content compared to unexposed PD flies
(Fig. 18; p < 0.05). The PD flies exposed to 10> M of dopamine showed a signif-
icant decrease of 2.20 fold compared to unexposed PD flies (Fig. 18; p < 0.05). The

1.2 4
1] —+— Control
—=—PD
08 - ~+ PD+MB1
g ~ PD +MB2
g 0.6 - —+—PD +MB3
E PD + MB4
0.4 4 PD + L-Dopa
Control +MB1
0.2 1 Control+ MB2
Control+ MB3
0 ——
63 Control + MB4

Days

Fig. 14. Effect of Majun Baladur (MB) on the survival rate. [MB1 = 0.0014 g; MB2 = 0.0028 g; B3 =
0.0042 g; B4 = 0.0056 g; PD = PD flies; Dopamine = 1073 M; N = 50]. The values are the mean of 5

assays.
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Fig. 15. Effect of Majun Baladur (MB) on the thiobarbituric acid reactive species (TBARS) in the brains
of flies. [MB1 = 0.0014 g; MB2 = 0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopa-
mine = 107> M; N = 50]. The flies were allowed to feed on the diet supplemented with Majun Baladur
for 24 days and then assayed for lipid peroxidation. [The doses were established per 20 g of diet; *signi-
ficant difference with respect to control, p < 0.05; "significant difference with respect to PD flies p <
0.05].

PD flies showed a significant increase of 3.58 folds in the Caspase-9 activity
compared to control flies (Fig. 19; p < 0.05). The PD flies exposed to 0.0014,
0.0028, 0.042 and 0.0056g of MB showed a significant dose dependent decrease
of 1.43, 1.53, 1.65 and 1.79 folds in the Caspase-9 activity compared to unexposed
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Fig. 16. Effect of Majun Baladur (MB) on the glutathione-S-transferase (GST) activity in the brains of
flies. [MB1 = 0.0014 g; MB2 = 0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopa-
mine = 10~* M; N = 50]. The flies were allowed to feed on the diet supplemented with Majun Baladur
for 24 days and then assayed for GST activity. [The doses were established per 20 g of diet; *significant
difference with respect to control, p < 0.05; "significant difference with respect to PD flies p < 0.05].
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Fig. 17. Effect of Majun Baladur (MB) on the Non-protein thiol (NPSH) content in the brains of flies.
[MB1 = 0.0014 g; MB2 = 0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopamine =
1073 M; N = 50]. The flies were allowed to feed on the diet supplemented with Majun Baladur for 24
days and then assayed for NPSH content. [The doses were established per 20 g of diet; “significant dif-
ference with respect to control, p < 0.05; "significant difference with respect to PD flies p < 0.05].

PD flies (Fig. 19; p < 0.05). The PD flies exposed to 10~> M of dopamine showed a
significant decrease of 2.04 fold in the Caspase-9 activity compared to unexposed
PD flies (Fig. 19; p < 0.05). The PD flies showed a significant increase of 3.28 folds
in the activity of Caspase-3 compared to control flies (Fig. 20; p < 0.05). The PD
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Fig. 18. Effect of Majun Baladur (MB) on the protein carbonyl content in the brains of flies. [MB1 =
0.0014 g; MB2 = 0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopamine = 1073 M; N
= 50]. The flies were allowed to feed on the diet supplemented with Majun Baladur for 24 days and then
assayed for protein carbonyl content. [The doses were established per 20 g of diet; “significant difference
with respect to control, p < 0.05; "significant difference with respect to PD flies p < 0.05].
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Fig. 19. Effect of Majun Baladur (MB) on the Caspase-9 activity in the brains of flies. [MB1 = 0.0014 g;
MB2 = 0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopamine = 1073 M; N = 50].
The flies were allowed to feed on the diet supplemented with Majun Baladur for 24 days and then as-
sayed for Caspase-9. [The doses were established per 20 g of diet; “significant difference with respect
to control, p < 0.05; Psignificant difference with respect to PD flies p < 0.05].
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Fig. 20. Effect of Majun Baladur (MB) on the Caspase-3 activity in the brains of flies. [MB1 = 0.0014 g;
MB2 = 0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopamine = 1073 M; N = 50].
The flies were allowed to feed on the diet supplemented with Majun Baladur for 24 days and then as-
sayed for Caspase-3. [The doses were established per 20 g of diet; “significant difference with respect
to control, p < 0.05; "significant difference with respect to PD flies p < 0.05].

flies exposed to 0.0014, 0.0028, 0.042 and 0.0056g of MB showed a dose dependent
significant decrease of 1.21, 1.31, 1.53 and 1.64 folds in the activity of Caspase-3
compared to unexposed PD flies (Fig. 20; p < 0.05). The PD flies exposed to

10> M of dopamine showed a significant decrease of 2.42 fold compared to
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Fig. 21. Effect of Majun Baladur (MB) on the catalase in the brains of flies. [MB1 = 0.0014 g; MB2 =
0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopamine = 1073 M; N = 50]. The flies
were allowed to feed on the diet supplemented with Majun Baladur for 24 days and then assayed for
catalase. [The doses were established per 20 g of diet; *significant difference with respect to control, p

< 0.05; Psignificant difference with respect to PD flies p < 0.05].

unexposed PD flies (Fig. 20; p < 0.05). The PD flies showed a significant increase of
2.99 folds in the activity of catalase compared to control flies (Fig. 21; p < 0.05). The
PD flies exposed to various doses of MB showed a significant decrease of 1.24, 1.42,
1.50 and 1.79 folds in the activity of catalase compared to unexposed PD flies
(Fig. 21; p < 0.05). The PD flies exposed to 10> M of dopamine showed a
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Fig. 22. Effect of Majun Baladur (MB) on the Superoxide dismutase (SOD) content in the brains of flies.
[MB1 = 0.0014 g; MB2 = 0.0028 g; MB3 = 0.0042 g; MB4 = 0.0056 g; PD = PD flies; Dopamine =
1073 M; N = 50]. The flies were allowed to feed on the diet supplemented with Majun Baladur for 24
days and then assayed for Superoxide dismutase (SOD). [The doses were established per 20 g of diet;
“significant difference with respect to control, p < 0.05; bsigniﬁcant difference with respect to PD flies
p < 0.05].
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Fig. 23. Tyrosine hydroxylase (TH) immunostaining performed on the brain sections of flies after 24
days of the exposure; a-Control, b-PD fly, c-PD fly exposed to MB1 = 0.0014 g, d-PD fly exposed
to MB2 = 0.0028 g, e-PD fly exposed to MB3 = 0.0042 g, {-PD fly exposed to MB4 = 0.0056 g, g-
Dopaminergic neurons were quantified in terms of TH-positive cells from the total area of the brain
by using Image J software (N = 5). [MB1 = 0.0014 g; MB2 = 0.0028 g; MB3 = 0.0042 g; MB4 =
0.0056 g; PD = PD flies.

significant decrease of 1.93 fold in the catalase activity compared to unexposed PD
flies (Fig. 21; p < 0.05). The PD flies showed a significant increase of 2.66 folds in
the activity of SOD (Fig. 22; p < 0.05). The PD flies exposed to 0.0014, 0.0028,
0.042 and 0.0056g of MB showed a significant dose dependent decrease of 1.50,
1.63, 1.88 and 2.06 folds in the activity of SOD compared to unexposed PD flies
(Fig. 22; p < 0.05). The PD flies exposed to 10> M of dopamine showed a signif-
icant decrease of 2.25 fold compared to unexposed PD flies (Fig. 22; p < 0.05). The
results of tyrosine hydroxylase immunostaining are shown in Fig. 23(a—g). The PD
flies showed a marked age dependent reduction in the activity of tyrosine hydroxy-
lase compared to control. The exposure of PD flies to different doses of MB showed

an increased immunoreactivity in comparison to untreated PD flies.
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4. Discussion

The results of the present study reveal that MB is potent in reducing the PD symp-
toms in the transgenic Drosophila expressing human alpha synuclein in the neurons.
The supplementation of MB for 24 days significantly reduced the oxidative stress
and delayed the loss of behavioral parameters. Oxidative stress has been reported
to play a central role in the progression of neurodegenerative diseases although its
relationship with a-synuclein toxicity has not been well elucidated [9]. a-synuclein
is one of several proteins associated with neurodegenerative disease that have high
propensity to aggregate [31]. The aggregation of synuclein is followed by the forma-
tion of Lewy bodies and increase in the oxidative stress leading to the damage of
dopaminergic neurons [32]. In our present study the exposure of PD flies to MB
showed a dose dependent significant increase in the life span of PD flies. Reduced
life span of fly has been linked with various neurodegenerative disorders [33].
Earlier studies on natural plant products/extract have also shown an increase in
the life span of fruit flies expressing the symptoms of neurodegenerative disorder
[15, 23, 33, 34, 35]. The exposure of PD flies to MB also prevents the loss in the
activity of flies as is evident from the average activity pattern recorded by Drosophila
Activity Monitor (DAM). Oxidative stress plays a main role in the neurodegenera-
tive diseases [36] and leads to the damage of lipid, protein and DNA [37]. TBARS,
PCC, NPSH, GST, SOD and CAT are the reliable markers of oxidative stress. The
increase in TBARS and PC content in our study indicated the generation of free rad-
icals that damage the lipid and protein. A significant dose dependent decrease in the
TBARS and PC content in the PD flies exposed to various doses of MB showed that
it has a potential of scavenging ROS. Our results obtained for DPPH and superoxide
anions scavenging assays also support the antioxidant potential of MB that could
contribute towards the protection against the oxidative stress. NPSH is a tripeptide,
involved in many biological actions, including enzymatic reactions, molecular trans-
port, protein and nucleic acid biosynthesis, microtubule formation, signal transduc-
tion, gene expression and protection of cells against oxidative damage [38]. The low
level of NPSH and increased activity of GST has been reported during oxidative
stress [39]. Not only the formation of Lewy bodies but also the degenerating neurons
are also responsible for producing endogenous toxins (hydrogen peroxide) and other
ROS that may further damage the normal neurons [5]. The depletion in the NPSH
content and high GST activity have been reported in the brains of humans suffering
from PD as well as in experimental models of PD [40, 41]. In our present study
decrease in NPSH levels and increase in the GST activity was observed in the brains
of PD flies. ROS may lead to increase in the activity of SOD as it is a free radical
scavenger and prevents the damage caused by peroxidase reactions. The increase
in the activity of SOD and CAT also supports the generation of ROS in the neurons.
The exposure of PD flies to MB showed a dose dependent decrease in the activities

of SOD as well as CAT. The results support that phytoconstituents present in the MB
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are potent enough to reduced the symptoms of PD being expressed in the transgenic
Drosophila model of PD. Earlier the effect of Khamira Aresham and Majun Baladur
against cerebral ischemia induced oxidative damage was found to be protective [13].
MB was found to be neuroprotective by potentiating the antioxidant defense system
of the brain during cerebral ischemia damage in rats [42]. Depleted cellular enzy-
matic activities are used as a marker of oxidative stress [43, 44]. Neuronal and cogni-
tive impairments were reported to be improved by the restoration of NPSH content
and lowering the lipidperoxidase during ischemic damage after the exposure to de-
cocted of herbs (Gagamjungjihwa) and (Frustus Euodiae) and the Chinese herbal
formula (FBD) [2, 4]. In our present study the exposure of PD flies to MB prevents
the loss of climbing ability, overall activity, increased the life span of the PD flies in a
dose dependent manner. Tyrosine hydroxylase (TH) is the rate limiting enzyme in
dopamine synthesis. It is present in dopaminergic neurons where it catalyzes the for-
mation of L-DOPA from L-tyrosine [38]. The deficiency in TH is considered to be
an important hallmark in PD [45]. Studies have shown that the interaction of TH
with a-synuclein plays a pivotal role in the functioning of dopaminergic neurons
and in the pathophysiology of the disease [46, 47, 48]. The interaction of TH and
a-synuclein was further proven by the immunoprecipitation studies that confirmed
the co-precipitation of two in the brain homogenate. Moreover, their co-
localization was also confirmed using immune electron microscopy technique.
The aggregation of a-synuclein disrupts the dopamine homeostasis resulting in
the death of dopaminergic neurons. The over expression of a-synuclein in the dopa-
minergic cell lines have been shown to cause reduction in the TH activity and phos-
phorylation [49]. The results in our present study also showed a reduction in TH
reactivity with age in PD flies which may be due to the accumulation of a-synuclein
in PD flies. Due to the similarity between the dopaminergic network, mode of action,
behaviour and gene response in D. melanogaster and mammalian system has made
the fly a very attractive model for anti-parkinsonism drug discovery [50, 51]. The PD
flies exposed to MB showed a dose dependent increase in the TH reactivity, hence
suggesting the neuroprotective role of MB. Our earlier studies with geraniol and gen-
istein showed that they were not potent in inhibiting the expression of a-synuclein
and formation of Lewy bodies but delay the PD symptoms. The antioxidant potential
of the natural plant products was suggested to be the cause of their protective effect
[34, 52, 53].

5. Conclusion

The disruption of the enzymatic antioxidant system is followed by mitochondrial
damage via depletion of NPSH and in turn enhances the production of free radicals
[54]. Proteotoxicity and the dopaminergic neuronal death in Drosophila due to

the expression of alpha synuclein and lewy bodies are well established [55, 56,
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57, 58]. We found that PD flies exposed to MB showed decreased TBARS levels
which were accompanied by decreased SOD and CAT activity followed by
increased NPSH levels. Hence, the decrease in the —SH levels could be due to an
increase in GST activity in the head of PD flies, MB provides a neuro protection
against the PD symptoms (being mimicked in PD flies) due to the synergistic anti-
oxidant effects of the constituents present in it. The data obtained in our study pro-
vides a scientific explanation for the use of MB for the treatment of PD. However,
the characterization of the various antioxidants present in the formulation and the

elucidation of their possible mode of action will be the part of our future study.
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